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AIIS’J’RACT

Based on newly acquired UBVR1 CC1) photometry, wc present a deep color-magnitude diagram for the

Galactic open cluster NGC 129, which contains the 8.00 clay period Ccphcid  1)1, Cas, ‘1’hc stellar photometry

is first used to derive the mean color cxccss  for the cluster; wc find E(l)  – V) = 0.57+0.01 msg. Ilowcvcr,  the

cluster shows cvidcncc  for diflcrential  reddening, and wc thcrcforc  explore, in depth, the problems a,ssociatcd

with dcrcddcning  these stars individually using the color-color diagrams. From main-sequence fitting wc

derive a distance modulus of VO – MV = 11.103:0.04, corresponding to a distance of 1660+ 30pc. ‘l’his

distance ilnplics  an akmolutc magnitude of Mv = – 4.00 d: 0.17 rnag for 1)1, Cas. ‘J’hc larger error associated”

with the absolute magnitude for the Ccphcid is duc to the uncertainty in determining the color CXC.CSS  of 1)1,

Cas itself. Wc discuss potential sources of systclnatic  error i]] the calculation of the distance ]nodulus  and

find that errors in the reddening law a]ld the Zero Agc Mai]l Scqucncc could still result in systmatic errors

as large as ~-0,27 msg.

l{cywords:  clusters: open - stars: Ccphcids
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1. lN’1’llODUCTION

Many important problems in astronomy and cosmology require an accurate kaowlcdgc  of the distauccs  to

cxtragalactic objects. Onc of the most important distance indicators used in establishing the cxtragalactic

distance sc.alc is the Ccphcid  period-]uminosity (1’1.) rclatiou. Ccphcids  provide a means of making  the

critical stcIJ  of tyiag together distances to objects within our Galaxy to galaxies within  and beyond the

.I,ocal Group. ‘1’hc  iml[:i]lcnt  extension of the Ccphcid  distance scale to the Virgo cluster using the lfubblc

Sl)ace 7’clcscopc  (Irccdnian  ct al. 1994) will allow a much more accurate calibration of the methods (cg.

‘1’ully-]’ishcr  and surface brightness fluctuations) which can bc used to measure dista]lccs  on scales which

should yield an accurate determination of the }1 ul.)blc constant, It is thcrcforc  of great importance to have

an accurate calibration of the 1’1,  relation.

‘J’hc Ccphcid  1’1, relation, as it is applied, is a linear rclatio]lship  bctwcc]l the logarithm of the pulsation

period of a Ccpbcid  and its mean  abso]utc  magnituclc. ‘J’hc calibration of this relationship thus requires a

dctcrlnination of its SIO]JC and zcr~point.  ‘1’hc SIOIMJ is gcacra]ly  best dctcrlniacd  by observations of Ccphcids

in the l.argc  Magcllanic  Cloud, siacc it contains a large ]iuInbcr of Ccphcids  which can all bc treated as bci]lg

at the sa]nc distance (Madorc  & Freedman 1991).

‘1’hc zero-point of the 1’1.  relation is found by indcl)cndcntly  dctcrlnining  the distances to a sample

of Ccphcids.  After Ccphcids  were first discovered in Galactic clusters (Irwin 1955), it was realized that a

suitab]c  sample might bc comprised of Ccphcids  in open clusters, for which distauccs  could bc dctcrmincd

by main-scqucncc  fitting. IIcspitc  significant cfiorts,  the number of Ccphcids  found in clusters is relatively

small; the rccc]lt review by Walker (1988) lists only 18 Ccphcids. Furthermore, many of these clusters arc

not  WCII studied, and NCW observations made with lllodcrn  detectors and techniques can provide much more

data than is presently available for these objects. Although Walker (1985a,b, 1987a,b) has published deep

CC])  obscrvatiom  of several of the southern Ccphcid  clusters, most of the northcr]l  clusters arc lacking

similar data, Our goal in this series of papers is to l~rovidc a database of deep CC1) observations of Ccphcid

c]ustcrs  accessible from the northern hcmisphcrc. ‘1’hc  clusters and associated Ccphcids  arc listed in ‘1’able

1. WC wi]] develop objcc.tivc Incthods  for clcaling with the variable, and often large, amounts of interstellar
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rcclclcning towards these clusters and apply these methods in a uniform way. ‘1’hc  clcrcddencd data will then

bc used to ostirnatc  the distances to these clusters, and thereby the associated Ccphcids,  by main-scqucncc

fitting. Finally, the results will bc used to rcdctcrminc  the zero-point of the Cephcid  1’1, relation.

NGC 129 is an open cluster which contains the classical Ccphcid  1)1, Ca,ssiopcia. ‘1’hc  membership of 1)1,

Cas  in NGC 129 has been verified by both its proper motion (1.cnham & Franz  1961; Lavdovski  1961; Frolov

1975) and radial velocity (l<raft 1958;  Mcrmilliod,  Mayor, & ]jurki  1987; Ilarris ct al. 1987). Although the

distance to NGC 129 has been estimated in several previous studies (cg. Arp ct al. 1959; Schmidt 1980;

‘.l’urncr  ct al. 1992), accurate photometry has been obtained for only a small  samp]c  of the brightest stars.

Wc present here ncw U}IVJU, CC])  data of 1270 stars in the direction of NGC 129 (SCC \2). After colnparing

our data to previously published photo~nctry  (~3), wc derive the reddening and distance to the cluster using

the tcchniquc  of main-scqucncc  fitting (!j4 and !5).

11. 0J3SERVA!J’IONS  AND DATA REDUC’J’1ON

UIIVRI observations of NGC 129 were obtained at tllc I’alomar  60” tclcsc.opc  on the night of 1993

July 24. ‘J’hc detector was a ‘1’cktronix  1024x1024 CC]) with 24pm pixels, resulting in a field of N 6.5x6.5

arcmin.  A second set of UHV CC])  observations were obtained on the night of 1994 January 16. ‘J’hc

detector in this case was a ‘1’cktronix  2048x2048 CCD,  providing a ~ 13x13 arcmin  field of view. However,

bccausc  the physical size of the chip is larger than the largest available V filter, the usab]c field was only

N 13x 13 arclnin.  I’hc cluster spans a much larger region of the sky and hcncc on] y the central regions were

observed. l,ong and short exposures were taken with each filter in order to incrcasc  the dynamic range

over which accurate magnitudes and colors could bc dctcrmincd  and to provide an esti[natc  of the internal

photometric errors. ‘J’hc bias subtraction and flat-fielding of the images were done using standard routines in

the lltAF data reduction package. For the 1993 July data, instrulncntal maguitudcs were obtained using the

Do1’110’J’  photometry reduction package (Schcctcr,  Matco,  & Saha 1993). For the 1994 J anuary  observations,

instrumental magnitudes were obtained using the I) AOl’HO’J’  and A],l,SJ’AR  (Stetson lg87,1994)  stellar

profile-fitting routines. Both nights were photometric.

Aperture corrections were dctcrmincd  for each irnagc  by performing aperture photometry on several of
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thc brightest, most isolated stars in the field. ‘J’hc scat tcr ia the aperture corrections indicates that, in the

mcanl  the aperture corrections arc accurat  c to better than 0.005 mag  in each filter and that the aperture

corrcctiom for individual stars should bc accurate to within 0.015 msg.

Several of the UllVJtI  standard stars from the listof],ando]t(1992) were also observed on both nights in

order to transform the data onto the st anciard systcm. Aperture photonlctry  was obtained for the standard

stars in exactly the sarnc manner as the aperture photometry of the stars used to dctcrminc  the aperture

corrections for the cluster data. Once the extinction and transformation cocfflcicllts  were dctcrmincd,  the

standard star instrumental magnitudes were transformed to the standard systcm,  in order to iavcstigatc  the

accuracy of the transformations. ‘J’hc standard deviation of the scatter of the standard star mag]litudcs  and

colors about their published values is N 0.02 )nag in all filters. “J’his scatter incrcascs slightly for the reddest

stars ((}1 — V) > 2.0 mag) in the data for the night of 1993 July 24, but this should not aficct the distance

dctcrmi]lation of NGC 129, since the stars of iatercst for this purpose arc much bluer.

A compariso](  of the B and V magnitudes derived for the two data sets for different nights shows that

the photometric zero-points agree to within 4:0.02 msg. Wc have thcrcforc  averaged the magliitudcs  for the

stars which were observed on both nights, with the individual magnitudes bciag weighted accordiag  to the

errors output by the prof]lc-fitting photometry routines. Some stars have only a single observation in B and

V hccausc  the field observed ON the second night was larger than the field observed on the first night and

bccausc  the photometry on the second night dots not go as deep.

‘J’hc  (J data from the two nights shows a large systclnatic  diflcrcncc ia the derived photometric zero-points

(AU ~ 0.1 lnag).  An cxtcr]lal  coxnpariso]l’ with other I}hotornctry (SCC 33) indicates that the data from the

night of 1994 January 16 is on the standard UHV systcm, ‘J’hcrcforc  the U data for the night of 1993 July 24

were tra]wformcd  to the zero-poi]lt adopted for the 1994 January 16 data. ‘J’hc U magnitudes for the stars

olmcrvcd on both nights were then averaged together in the same fashion as the IIV data, in order to rcducc

the randotn  photometric errors.

An earlier set of UBV clata had bcc]l obtained on the night  of 1992 October 2. ‘lhc combiacd  data

from the aforcmcutioncd  two nights were used to place these data on the standard systcm. ‘lhc  magnit udcs
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from this night were then averaged in with the previous nights’ data to produce a single photometric list.

Once again, the field observed was offset from the other two nights, with the result that a region of - 10x I 1

arcmin  was surveyed over the three nights. l’igurc  1 shows a B-band gray scale image of the region observed.

l’igurc  2 shows the resulting color-magnitude diagra]n  (CM]))  for NGC 129. The rnain-scqucncc  is

c.lcarly  visible, although at V > 16 mag, there appears to be a significant population of field stars. ‘J’hc

width of the main-scqucncc  is larger than cxpcctcd  from the size of the photometric errors. While this may

bc the result of a number of diflcrcnt  cflccts,  wc argue below in J4 that it is most likely duc to the cxistcncc

of diflcrcntial  reddening across the cluster.

III. COMI’ARISON WITII OTHER I’IIOTOMFTl’RY

]’hotoclcctric  UJ3V observations of some of the brighter stars in NGC 129 have previously been published

by Arp, Sandagc  & Stephens (1959), lloag ct al. (1961), and ‘1’urncr, Forbes & l’cdrcros  (1992). ‘Jlc

cxtcrl[al  accuracy of our photometry can bc estimated by comparing our magnitudes and colors to these

previous studies. ‘J’hc photoelectric observations include some stars which arc outside the field of our CCII

observations, and thcrcforc  could not bc inc.ludcd in the comparison. Furthermore, some of these stars were

found to bc double as judged by the pr-ofilc-fitting photometry routines used in the present study. Hcncc,

these stars have also been cxcludcd  from the comparison.

‘J’able 2 shows a comparison of our U J~V photometry with those of the three previously published st udics.

Wc find the best agrc~rncnt  bet wccn our photometry and that of ‘J’urncr ct al. (1992). JJigurcs  3a-c show

the comparison of the V magnitudes and (J3 – V) and (U – B) colors for the two sets of data. ‘lhcre  is some

indication that the scatter bctwccn  the two sets of V magnitudes incrcascs  for the fainter stars, but there

dots not appear to bc any scale error, which might otherwise indicate a non-] incarity  in the photometry.

‘J1hc V magnit udcs and (J] – V) colors of Hoag ct al. (1961) arc also in good agrccmcnt  with those prcscntcd

here.

‘J’here dots appear to bc a small zcr~point diffcrcncc bctwccn our (11 – V) colors and those of Arp

ct al. (1959). ‘1’he  diffcrcncc is in the sense that the Arp ct al. (B - V) colors are bluer than our colors

by 0.046+ 0.012 msg. lhis diflcrcncc  is ill the sa~nc sense as that found by q’urncr  et al. (1992) in their
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comparison with the Arp et al. data. l’his  is not surprising since the (N--V) colors prcscntcd  here agree with

those of ‘1’urncr  et al. and largely the same set of stars is used in comparing the three sets of photometry.

‘J’able 2 shows that our (U – B) colors arc systematically Mucr than those of the other studies. Wc have

thcrcforc  chosen to apply a correction of +-0.02  mag to our (U – B) colors, which brings thcm into good

agrccmcnt  with those of “J’urncr ct al. (1992) and IIoag ct al. (1961). ‘J’hc Arp et al. (1959) colors appear to

bc bluer still but the scatter bctwccn their (U – 11) colors and ours is muc.11 larger than for the other studies.

in summary, it appears that the photometry

l,apcr  arc on the same HV systcm,  while the (H

of ‘J’urncr ct al., lloag ct al,,  and data prcscntcd  in this

– V) colors of Arp ct al. arc too b]uc by - 0.04 msg.

‘J’here also dots not appear to bc any magnitude or color dcl~cndcnt difl’crcnccs between any of the different

sets of photometry. “1’hcrcforc,  wc arc confident that our IIV photomct  ry is’ on the standard systcm. Our

(U – 11) zcr~point  originally disagrees with previous studies by 0.02 rnag. Wc have adopted their zero-point

and carry this assumption through as a potcntia]  source of systematic error in the final uncertainty in the

distance modulus.

‘1’here is no previously published R1 photometry for the stars in NGC 129 and hcricc wc arc unable to

make a direct check of the external accuracy of our rcd photometry. Ilowcvcr,  the cluster NGC 7790 was also

observed on the night of July 24/25, 1993, and a comparison of our (V — It) and (V — 1) colors with those

of the secondary standard photometric scqucnccs  of Christian ct al. (1985) shows good agrccmcnt  bet wccn

the two sets of data. ‘1’hc photometry of NGC  7790 will bc prcsc]ltcd  in the second paper in this series (Ilill

ct al. 1994)<

Wc present in ‘J’able 3 the photometry for those stars which have previously published photoelectric

photometry. ‘J’hc c.omplcte  set of U]lVlt]  photometry will bc made available On the AAS C])-ltOM series.

IV. ‘I’lIll IUNI1)ENING  ‘1’OWAIUl  NGC  1 2 9

“J’hc amount of interstellar reddening toward NGC 129 can bc dctcrmincd  from the UBV data by using

the standard tcchniquc  of plotting the data in a tw~color [(U – }])  VS. (1{ – V)] diagram and calculating the

color CXCCSS,  E(l)  — V), from the disp]accincat  of the stars along the rcdclcnillg trajectory in this diagram. IN
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thc simp]cst  application of this method, a color cxccm is dctcrmincd  for each star and the mean color cxccss

for the cluster is found by calculating the average of these values.

in the case of NGC 129, the width of the main-scqucncc  in I’igurc  2 suggests that there is significant

diflcrcntial  reddening towards the stars in the c.luster. ‘1’hc stars denoted by filled circles in the figure typically

have errors of lCSS than 0.035 mag in each of V and (H – V). ‘J’hcsc errors arc not large cnougll to produce

the observed Inain-sequence color width, which is several tenths of a magnitude. ‘1’his first impression is

quantitatively reinforced by the two-color diagram displayed in l’igurc 4. In this figure, only those stars

which have errors in each of V, B and U of lCSS than 0,04 mag have been plotted. Also, in order to rcducc

the confusion duc to the increasing prcscncc of field stars at fainter magnitudes and redder colors, cutoffs at

V < 16.5 mag  and at (H – V) < 1.2 mag were applied. ‘J’hc error bars in the figure show the photometric

errors associated with each star. As in the cmc of the CM]], the width of the sequence in the t we-color

diagram appears to bc larger than can bc explained by ])hotomctric  errors alone. Previous investigations

(Arp ct al. 1959, Schmidt 1980, ‘] ’urncr  ct al. 1992) also concluded that differential reddening was present.

‘J’hc precision of the photometric data permits us to dcrcddcn each star individually. ‘J’hc resulting

rcclclcniag-corrcctcd  CM 1) should have a much tighter main-scqucncc  than would bc obtained if a mean

color CXC.CSS  were al)plicd to all of the stars in the cluster. ‘1’his ill turn should lead to a more prccisc  estimate

of the distance from the main-scqucncc  fitting tcchniquc.

III practice, however, there are noteworthy problems in calculating the color exccw for certain stars in

l’igurc  4. ‘1’hc  first problcm  arises bccausc the reddening trajectory in the twocolor  diagram can intersect

the intrinsic two-color curve for main-scqucncc  stars in more than onc place, giving rise to an ambiguity

in the calculated color CXCCEW. lt may bc possible to C11OOSC bctwccn  the allowed values of the color cxccss

if other information is available (e.g., if the spectral t ypc of the star is known or if the color cxccss is a

priori cxpcctcd  to bc within some spccificd range). A second problcm  is cncountcrcd  specifically for stars

with intrinsic. colors in the ranges —0,05 < (H — V). < 0,20 and 0.40 < (B — V). < 0.70; for these stars

the slope of the reddening trajectory is C1OSC to parallel to the intrinsic two-color scqucncc.  ‘J1hus, small

photometric errors can result in very large reddening unc.crtaintics. ‘J’hcsc problems arc discussed in dct ail
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in the appcnclix.

Wc have thcrcforc  chosen to dercddcn  the cluster stars in twc) diflcrcnt  ways and to dctcrminc  a distance

to the cluster from each of the resulting dcrcddcncd  CM 11s. ‘1’hc  first method is to calculate the mean

color cxccas for the cluster and simply dcrcddcn each star in the cluster by this mean value. III order to

clilninatc most of the field stars from calculation of the mean color CXCCSS,  the sample  was restricted to the

I,romincnt  ridge of stars in J?igurc 4. ‘J’hc tw~color diagram for this subset of 122 stars, most of which will

Lc c.luster members, is shown in l“igurc  5. Unambiguous color cxccsscs  (SCC the appendix) call bc found

for 83 of these stars by projecting thcm back onto the intrinsic two-color curve along a line of slope 0.70.

‘1’hc  mean color cxccss calculated from these stars is l;(l) – V) = 0.57 + 0.01 nlag.  I’hc ratio of the color

CXCCSSWS,  E(U — }1)/1;(11 — V), used here is smaller than the value of 0.76, which was adopted by ‘1’urncr

ct al. (1992). Wc find that the latter value of 0.76 results in a poor fit to the cluster data over the range

–0.10 < (B – V)O <0.20  msg. Unless a smaller value is used, the intrinsic, curve passes below the data over

this range, after the data is corrcctcd  for the mean extinction.

An estimate of the lncan  reddening to the cluster can also bc Inadc from the BV1 data. “J’hc method

is the same as that used to dctcrminc  the reddening from a set of UBV data. ‘J’hc reddening is found by

plotting the stars on a two-color diagraln  (in this case (H – V) vs. (V – 1)) and then projecting these stars

along the reddening trajectory back onto the intrinsic curve for unrcddcncd  stars in this diagram. Using

the reddening law of ])can,  Warrcll,  & Cousins 0978) and the intrinsic colors of Walker (1985a), the mean

color CXC.CSS is calculated to bc E(}3 – V) = 0.584:0.05 msg. ‘1’hc  larger uncertainty occurs bccausc  the

mddcning  trajectory and the intrinsic tow-color relation arc C1OSC to parallel in the (B – V) vs. (V – 1)

two-color diagram for all colors. Ncvcrthclcss,  this result confirlns  our earlier conclusion that the mean color

cxc.cm for NGC 129 is E(B – V) = 0.57 + 0.01 msg.

E’igurc 6a displays the reddening-corrcctcd CM1) for NGC 129, where a mean color cxccss  of 0.57 mag

has been used to dcrcddcu  all the stars. A value of It = 3.2 was used for the ratio of total-to-sclcctivc

absorption. ‘lhc  stars in F’igurc  6a arc the sa]nc as those which appear in Jligurc 5 and hcncc should bc

}wimarily cluster members. “J’hc  CMD shows a smoothly continuous main-scqucncc,  although there arc
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clearly some ficlcl stars present at magnitudes fainter than V == 12.5 msg.

A second method of accounting for the reddening is to individually dcrcddcn  those stars for which a

reliable color CXCCEAS  can bc calculated. In this case, it is not ncccssary to restrict the sample to the stars which

appear to bc cluster members duc to their proximity to the main  ridge of stars in E’igurc 4. Unambiguous

color cxccascs  can bc calculated for 119 stars in this manner. ‘1’hcsc  stars and their color CXCCMCS  arc listed

in ‘J’able 4. ‘J’hc  details of the dcrcddcning  proccdurc  arc discussed in the appendix.

Vigurc 6b shows the reddening-corrcctcd CM])  for NGC 129 for the stars which can bc dcrcddcncd

according to their individual colors. ‘J’hc upper main-scqucncc  in l’igurc 6b is Inuch tighter than ill k’igurc

6a but there is a large gap in the maimscqucncc  in the color rallgc –0.05 S (IJ – V)~ S 0.2 mag,  duc to tllc

difficult y in assigning an unambiguous color cxccas to stars in this range (SCC appendix). ‘J1hc  maimscqucnce

al)})car~ again  ill t]lc color ra~lgc 0.40 ~ (]] — V). < 0.60 mag, but  is somewhat collfuscd with field stars.

‘J1hc stars with (13 – V) ~ 0.70 mag arc Jicld stars.

Several previous estimates of the reddening toward NGC 129 have been made. Arp ct al. (1959) found

a mean colour cxccs of J!I(H  – V) = 0.53 mag froln UBV photometry. Considering that Arp’s (H – V) colors

arc systcl~latically  bluer by 0.046 Inag than those prcscntcd  here, the color cxccss diflcrcncc (–0.04 mag) is

entirely consistent.

l’helps and J ants (1994)  have also rcccnt  ly prcscntcd  UDV photometry for NGC 129. “J’heir data were

calibrated using the photoelectric photometry of }loag ct al. (1961), which agrees WC1l with the photometry

prcscntcd  here. ‘J’hc mean extinction found for stars with (B – V) < 0.70 Inag is E(B – V) = 0.57 mag,

which agrees well with our result. ‘J’urncr  ct al. (1992) do not derive a value for the mean color cxccss of

NGC 129. However, an examination of their k’igurcs 3 and 5 show that our value of E(H – V) = 0.57 mag

is also entirely consistent with their data.

Schmidt (1980) has obtained four-color and 11/5’  photometry of stars in NGC 129 and finds a mean color

cxccss of E(b — y) = 0.442 msg. Applying Crawford’s (1975) conversion, E(b — y) = 0.74E(B  — V), results

in an equivalent color CXCCES of E(11 – V) == 0.60 mag, which is again ill good agrccmcnt.
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]n sunllnary,  we find a convcrgcncc in several cliffcrcnt estimates of the reddening toward NGC 129. ‘J’llc

color cxccss of E(11 – V) = 0.57 + 0.01 mag (bmcd  on a sarnplc  of 83 stars) found here is rcprcscntativc  of

these estimates and wc adopt it as the mean value for the interstellar reddening for stars iu the cluster.

V. TIIE I) IS’J’ANCN TO NGC 129

‘J)hc distance to NGC 129 was dctcrmincd  by the rnain-scqucncc  fitting tcchniquc  for both sets of

dcrcddcncd  data. ‘J’hc ZAMS of ‘J’urncr  (1976, 1979) was adopted. in order to ]nakc the fit, however, it is

nccmsary  to restrict the sample to those stars which arc thought to bc main-scqucncc  cluster members. Wc

consider first the case in which the st am were dcrcddcncd  by the mcaa  value for the cluster (SCC k’igurc  6a).

l“igurc 7a shows the CM D for the subset of stars judged to bc maia-scqucncc  cluster stars (compare with

lrigarc  6a).

,Sincc the observed color width of the main-scqucncc  is primarily duc to differential reddening, it would

bc inccnrcct  to try to fit the ZAMS to the lower cnvclopc of the observed Irrain-scqucncc. ‘J’hc stars forming

the lower cnvclopc  arc more likely to have lower rcddclljng  than the mean for the cluster. Since the cluster

data have been dcrcddcncd by the mean color CXCCSS, it is nlorc appropriate to fit the ZAM S to the middle of

the cluster main-scqucncc.  llowcvcr,  the upper main-scqucucc  contains stars which have evolved away from

the ZA MS and  hcncc the inclusion of these stars would systematically bias the dist ancc modulus, lhcrcforc

only stars with VO ~ 11.0 rnag were used in calculating the distance modulus. A distance modulus was

calcu]atcd  for each of the 87 stars which satisfy this criterion and the mean distance Irrodulus for these stars

is VO – Mv = 11 .08+ 0.05 lnag  (where the error quoted is the standard error). In order to test whether or

JIot a bias  was introduced by including evolved stars at the bright cnd of the magnitude cutoff, the distance

modulus was recalculated for 72 stars with VO ~ 12.0 Inag, ‘J’hc distance modulus obtained in this manner is

Vo – Mv = 11.05+0.05 msg. Wc thcrcforc  conclude that the stars in the magnitude range 11.0 S Vo <12.0

have not evolved significantly from the ZAMS since the two values of the distance modulus agree to within

the errors and the sense of the change is opposite fro~ll that which would occur if the bias existed. WC

thcrcforc  adopt VO – Mv = 11.08+ 0.05 mag m our best cstirnate  of the distance modulus for the case in

which the stars were dcrcddcncd by the mean value of the color cxccas for the cluster.
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l“igurc 7b shows the CMD for the stars which were dcrcddcncd  individually. Only those stars thought to

bc main-scqucncc  cluster members arc plotted (compare with Figure  6b). Choosiug oIdy stars with VO >11.0

mag, as above, results in a distance modulus of VO — Mv = 11.08 + 0.04 mag, based on 59 stars. However,

a closer look at l’igurc  7b suggests that the stars in the magilitude  range 11.0 S VO < 12.0 mag may bc

evolved stars. When the distance modulus was recalculated for the 47 stars with VO ~ 12.0 mag, a ncw “

va]uc of V. — MV = 11.11 + 0.04 is obtained. Wc adopt this as our best estimate of the distance modulus

for the case in which the stars were dcrcddcncd  individually.

‘1’here is no compclliug  reason to }Jrcfcr onc value of the distallcc  modulus over the other. ‘J’hc two

results agree to within the formal errors. Wc thcrcforc  take a siinplc  average of the two results and conclude

that the distance modulus for NGC 129 is VO – MV = 11.10+ 0.04 msg.

‘J’hc forlnal  errors obtained from the main-scqucncc  fitting procedure arc cluitc slna]l.  However, the true

uncertainty in the distance modulus is larger bccausc  of the possible prcscncc  of systematic errors. ‘llc

largest potential source of systematic error is in the choice of the reddening law. In particular, the ratio

of total-to-sclcctivc absorption used here, Av = 3.2, is probably uncertain at the lCVC1 of +0.3. Since the

observed V magnitudes arc corrcctcd by the factor Avxl;(ll – V), the derived intrinsic VO Inagnitudcs  could

bc systematic.a]ly in error by as much as +0.17 mag,  which translates directly into an error of the same size

in the distance modulus.

A second source of systematic error arises in the choice of the ZAMS. If the ZAMS of Schmidt-Ka]cr

(1982) is adopted, the best fit distance modulus is incrcascd  by 0.10 msg. Wc have adopted ‘J’urner’s  (1976,

1979) bccausc  it has been used by ‘J’urncr  ct al. (1992) and by Walker (1985ab, 1987ab) in his studies of

the southern Ccphcid  clusters. ‘J1his  choice facilitates a direct comparison with most of the rcccnt  cflorts to

obtain distances to the Galactic clusters containing Cephcids.

Systematic errors in the photometry arc unlikely to bc large duc to the good agrccmcnt  bctwccn

indcpcndcnt observations of the bright stars in N(3C 129 (SCC 33). llowcvcr,  systematic errors in the distance

modulus could bc introduced in the selection of the stars used in calculating the distance modulus. In

particular, t,hc inclusion of field stars or the exclusion of true cluster Incmbcrs could bias the distance
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modulus. ‘J’hc magnitude of this possible source of error was tested by changing the sample of stars used in

the calculation of the best fit distance modulus. l,argc  and improbaMc  changes in the choice of main-scqucncc

stars arc required to change the distance modulus by more than +0.05  msg. lhc (relatively) large number

of stars used to cstitnatc the distance modulus is the reason that the inclusion of field stars or the exclusion

of cluster members has only a small effect on the estimated distance modulus.

l’rcvious  estimates of the distance modulus of NGC 129 range froln 10.80 (Iloag  & Applcquist  1965)

to 11.54 (Cox 1979). However, the Inost recent csti~natcs (including the present study) have convcrg,cd  to

values ucar  (VO — Mv) = 11.10. g’urncr  ct al. (1992) find a dis.tancc nlodulus  of 11.11 4. 0.02 and l’helps

&. Jancs  (1994) find (VO – Mv) = 11.20. However, l’helps & Jancs used the Schmidt-Kalcr  (1982) ZAMS

which, as demonstrated above, results in a systematic diffcrcncc  in the estimate of the distance modulus of

+0. 1 msg. This  accounts for the entire difTcrcncc  in the derived distance moduli.

Schmidt (1980) derived a distance modulus of 10.93  + 0,19 for N(3C 129 from four color and H/3

photometry; a reanalysis of his data by Balona  and Shobbrook  (1984) yields a distance modulus of

11.074:0.14. ‘J’urncr  ct al. (1992) have suggested that the 11/3 1 mninositics  of several of the stars may

bc contaminated by the light of unresolved co]npanions  and that the distance modulus might bc as large as

11.20 + 0.04.

]n considering these rcccnt estimates of the distance modulus of NGC 129, wc find that our estimate of

the modulus of (VO – Mv) = 11.10+ 0.04 mag is consistc]lt  with other results. Wc adopt our value as. the

true distance modulus bccausc of the large nurnbcr  of stars observed with high photometric accuracy in this

study. ‘lhis distance Inodulus  corresponds to a distance of 16604:30 pc. ‘J’hc small quoted errors account for

only the sources of random error in the distance estimate. ‘J’hc potcl[tial  systematic errors arc larger (0.17

mag duc to uncertainty in the reddening law; 0.1 mag duc to uncertainty in the ZAMS)  and if they conspire

to act in the same direction, could result in a systematic error of 0.27 mag  in the distance modulus.

A calculation of the absolute magnit udc of 1)1, Cas requires the mean magnitude, < V >, and color

cxccss  12(JJ – V) for the star. Schaltcnbrand  & ‘J’ammann  (1971) calculate an intcnsit y mean rnagnitudc

of < V >= 8.94 mag, while Mofi’ctt  & Barnes find < V >= 8.97 msg. We adopt here the sitnplc  mean
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of t.hcsc two results, < V >= 8.!?6 3:0.02 msg. Assigning a color cxccss to 1)1, Cas is more problematical,

duc to the prcscncc  of differential reddening withiu  the cluster. Onc possible choice is to adopt the mean

color cxccss for the cluster, E(II — V) = 0.57 + 0.01 msg. However, a more appropriate estimate of the error

in this case is the standard deviation about the mean, which reflects the scatter duc to both photometric

errors and diflcrcntial  reddening. ‘1’hc color cxccss assigned tc] 1)1, Cas in this way is 0.57 + 0.04 msg. Using

this value of the color excess and the distance modulus derived above, the absolute magnitude of 1)1, Cas is

< Mv >= –3.96+  0.14 msg.

A second possibility is to adopt the color cxccss  of the nearest star for which an unambiguous color exccas

has been ctctcrmincd.  ‘1’hc nearest star (#/330) has a color cxccss of 0.66 ~ 0.01 mag and Iics N 20 arcscc

from the Ccphcicl. However, it appears that the amount of reddening towards stars in the vicinity of 1)1.

Cas is quite variable, l’igurc 8 shows a plot of the reddening towards stars in the ficls of NGC  129. ‘1’hc

location of 1)1, Cas  is marked by a plus sign. It is clear from the figure that stars in the vicinity of 1)1,

Cas arc rcddcncd  by widely varying amounts. F’or  the 8 stars which lic within 90 arcscc of the Ccphcid  and

have measured color CXCCSSCS,  wc find a mean of color cxccss of l;(ll – V) = 0.58+ 0.02 msg. ‘J’hc  standard

deviation about this Incan is 0.05 mag and the individual rcddc]lings range from 0.51 mag to 0.66 msg. Once

again taking the standard deviation to bc a better estimate of the true ullccrtainty,  the color cxccss for the

Ccphcid  csti]natcd in this manner is 0.58+ 0.05 msg. Wc adopt this value as our best estimate of the color

cxccss of 1)1, Cas, and hcncc our best estimate of its absolute magnitude is < Mv >= --4.00 + 0.17 msg.

Wc llotc once again, that systematic errors in the distallcc  modulus  of NGC 129 could bc as large as +0.27

mag,  which would propagate directly into an error of the same size in the absolute magnitude of 1)1. Cas.

Also, wc have not included any correction for the unresolved companion discovered by Harris et al. (1987).

Several attempts have been made to estimate the color cxccss  of 1)1, Cas from photometry of the Ccphcid

itself (cg. Fcrnic  1963, 1990, l’arsons  & Hell 1975, IIarris  1981). These studies typically find smaller values

of E(H – V) than wc have adopted here (e.g. 1+’crnic (1990) most rcccntly  finds E(B – V) = 0.533:0.02 mag).

Ilowcvcr,  these investigations often usc different photometric systems and may bc subject to large systematic

errors duc to the unccrtaint y in the intrinsic  colors of Ccphcids  (M adore &T, Frecdtnan  1991). “1’hc  color cxccss
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of 1)1, Cas remains t,hc largest source of uncertainty in the clctcrmination  of its absolute magnitude.

‘1’hc absolute magnitude of l)], Cas has rcccntly  been dctcrmincd  by ‘J1urncr ct al. (1992), who find

< Mv >= –3.80 + 0.05 msg. However, they have used a much smaller color excess for DL Cas (0.51 + 0.01

mag),  whic]l they dctcrminc  froril only those nearby stars with s~na]l reddening. ‘J’hcy argue that the Iargcr

rcddcni~)g values for other nearby stars (mostly B-type stars) arc duc to either cxccss circumstcllar  reddening

or rotation. However, wc find no such trend toward higher color cxccsscs for the brighter (B-type) stars in

the cluster. ‘J1hc diffcrcncc bctwccn the absolute magnitude of 1)1, Cm derived by ‘l’urncr ct al. and that

dc.rived here is duc to the different reddening correction applied to the star.

V. CONCI,USIONS

Wc have prcscntcd  IJBVRI  CC])  data for stars lying in the direction of the Galactic open cluster NGC

129, which contains the Ccphcid  D], Cas. ‘J1hc BV photolncl,ry  is on the same systcm  as that of ‘Jhrncr  ct

al. (1992) and Iloag  ct al. (1961), while there is a small zero-point oflsct bctwccn  our (H – V) colors and

those of Arp ct al. (1959) in the sense that the Arp  ct al. colors arc too blue by 0.046 msg. ,Rclativc  to

‘J’urncr  ct al. and Hoag ct al., our (U – B) colors arc systematically too blue by 0.02 mag, and hcncc wc

have corrcctcd  our (U – B) colors

for stars ill the NGC 129 field.

by this amount. ‘J’hc  RI photometry prcscntcd  here is the first such data

‘J’hc (U – B) vs (H – V) tw~color diagra)~l for the bright main scqucncc stars in NGC 129 yields a mean

color cxccss for the cluster of E(II – V) = 0.57 + 0.01 msg. I’his  value is in cxccllcnt  agrccmcnt  with the

mean color excess of the cluster dctcrmincd  ia several other studies.

‘1’hc  width of the main-scqucncc  ill both the CM 1) and two-color diagram indicate that the stars in

the field of NGC 129 suflcr from a significant amount of diftcrcntiai  reddening. ‘Jlc high accuracy of our

photometric data permit us to attempt to dcrcddcn  the stars individually. in doing so, wc note that stars

V) <0.20 mag  and 0.40 ~ (H – V) <0.70 mag generallywith intrinsic colors in the ranges –0,05 < (11 – _

have large uncertainties in their individual color cxccsscs bccausc  the reddening trajectory in the two-color

diagrarll  is ucarly  tangent to the intrinsic scqucncc or may intersect it at lnorc  than onc point.
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Main-scqucncc  fitting of the ZAMS to the upper main-scqucncc  of NGC 129 yields a distance modulus

of 11.10 d: 0.04 mag, corresponding to a ciistancc of 1660 + 30 pc. IIowcvcr, the systematic errors in the

distancc  modulus  maybcasla  r~cas~O.27mag. Otlradoptcd  distallcc  iltll]lics ax~lca]l absolute  1~lag1litudc

of < MV .>=  –4.00+0.17  mag for 1)1, Cas. “J’hc large uncertainty in < MV >, compared to that for the

distancc  modulus, ariscsbccausc ofthclargc  unccrtaintyin  thcrcddcningof  D1, Cas.

‘J’hiswork  wassupportcd  in part by NSk’ grant No. AS’J’91-16496to  WI,U. IN’M issupportcd in part

by the NASA/11’AC  Extragalactic Database (NF;I))  and the Jet l’repulsion Laboratory, California ]nstitutc

of ‘J’cchnology,  r.rndcr  the sponsorship of the Astrophysics Division of NASA’s Office of Space Scicncc and

Applications. ‘J’his research has made usc of the Sirnbad database, operated at CDS, Strasbourg, France.
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A])pendix  A

●

‘J’wo  serious dificultics arc cncountcrcd  in the calculation of the color excess through the usc of the

two-color diagram. l’he  first problcm  is that the reddening trajectory for a star in the tw~color diagram

can intersect the intrinsic two-color curve for main-scqucncc  stars in more than onc place, resulting in an

ambiguity in the calculated color CXCCSS. If the spectral type of the star is known or if the color cxccss

is a priori know]l  to bc within some spccificd range, it may bc possible to choose bctwccn  the allowed

values of the color CXCCSS,  but in general this type of information is not available. There is also a scconcl

problcmcncountcrcd  specifically for stars with intrinsic colors inthcrangcs  –0.05 < (}l– V)O ~ 0.20 and

0.40~ (B– V)O ~0.70;  thcslopc oft]lcrcddcllil lgtrajcctory isvcry]Lcarly  ~)arallcl  totllciIltrillsic tw~color

scqucnccfor  these stars. “J’bus, while the colors of a star might have very small associated photometric

errors, CVCN these small errors result in very Iargc reddening uncertainties. ‘lhis  problcm  is illustrated in

k’igurc 9, where wc show the dcrcddcning  trajectory for a star that apparently has an intrinsic color near

(ll– V) O= O. Omag.  (J`llcslo]~c oftllcrcddcllillg  trajectory uscdllcrc is 0.701~lag. 'J'hisclloicc forthc ratio

of the color cxccwcs isjustificcl  below.) Although the photomctriccrrors associated with this star arc small

(CIIV=CUII  =0.0141nag),  thcdcrivcd  color excc~rcl~laills vcryllnccrtai1l. ‘J’hcsc crrorsonlyrcstrict the

color cxccss to bc in the range 0.46 ~ E(B — V) <0.66 msg. IIascd on this cxcrcisc it is clear that many of

the stars in the two-color diagram will not provide any distinctly uscfrd  reddening information.

‘1’hc  uncertainty in a.signing  a value of E(B – V) to Inany of the stars has a Iargc effect on the dcrcddcncd

CM 11. ‘1’o dc~nonstratc  this, it is useful to consider what happens when an attempt is made to dcrcddcn

each star individually. l’hc  prominent ridge of stars in the twocolor diagram (SCC Figure 4) rcprcscnts

the main-scqucncc  of the cluster. It is apparent from a simple estimate by cyc that the mean reddening

for the cluster is ~ 0.55 rnag. ‘1’hc  full color width of this ridge is lCSS than ().2 mag and thcrcforc  most

c.luster members should have color cxccascs  in the range 0.45 S E(H –- V) S 0.65 rnag. ‘J’his is consistent

with the results of ‘lhrncr  ct al. (1992), (rJ’heir I?igurc  3 shows several stars with color cxccsscs up to 0.8

~nagl but these stars arc not likely to bc c]ustcr members.) ‘J’]lcy also find a group of foreground stars

with color cxccsscs near E(B – V) ~ 0.3 msg. WC have thcrcforc  scarchcd  for color cxccsscs in the range
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0.2 s E(13 – V) S 0.8 msg. l’igurc  10 shows the clcrcddcncd CMD which results from this procedure. Stars

which have only onc possible value of the color cxccs in the scarchcd  range arc plotted as filled c.irclcs. Stars

which have two possible values of E(II – V) arc plotted twice as open circles joined by a straight line. A

value of R = 3.2 was used for the ratio of total-to-sclcctivc  absorption. ‘1’here arc very fcw stars in Figure

10 which have unambiguous color cxcesscs and intrinsic colors in the ranges –0.05 < (H – V). s 0.20 and

0.40 s (H – V)O s 0.70. ‘1’hc  stars that populate these parts of the cluster main-scqucncc  have two possible

values for the color CXCCSS,  and in the prcscncc of significant differential reddening, a subjective decision must

bc made in placing these stars in the dcrcddcncd CM 1). l;vcn if solnc confidence could bc placed in choosing

onc of two possible color exccsscs, the fact that the intrinsic two-color curve and the reddening trajectory

arc nearly  parallel leads to large uncertainties in the color excess, even if the photo~rrct ric errors arc small.
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Fig. 1 - ‘1’hc co]or-magnitude diagram for NGC 129. ‘1’hc  difkrcnt symbols reflect the accuracy of the

photometry. ~illcd  circles rcprcscnt  stars with (at +- CT~)_v)112  <0.05, open circles rcprcscnt  stars

with 0.05< (a; + o~_v) 1/2 <0.10 and plus signs rcprcscnt  stars with (o; +- a~1_V)lj2  >0.10.

I“ig. 2a - A comparison of our V photometry with that of ‘1’urncr  ct al. (1992).

Fig. 2a - A comparison of our (B – V) colors with those of ‘Iiurncr ct al. (1992).

Fig. 3 – ‘1’hc  tw~color diagram for the bright stars in NGC 129. ‘J’hc open circles represent the observed

colors of the stars, while the filled circles represent the best fit of these stars to the intrinsic tw~color

curve (solid line) after projecting the stars along the rcddcnilIg  relation givcu by l;quation 1.

Fig. 4 – ‘J’hc reddening-corrcctcd CM diagram for N(3C 129. ‘J%c symbols arc as in Figure 1.

Fig. 5- ‘J’hc best fit of the ZAMS to the main-scqucncc  of NGC 129. ‘J’hc best fit distance modulus is

(V – Mv) = 11.25 AO.1O msg.
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Table 1: l’rogram  Clusters

C l u s t e r Cephcid
NGC 129 1)1, Cas

NGC 7790 Clta Cas

Cllb Cas

CII’ Cas

Anon CV Mon

NGC 1647 SZ Tau

NGC 6(M9 V367 Set

N G C  6664 EV  Set

M 25 U Spy

Table 2: Comparison of Photometric Zero-Points

Datasets NI AV - A(B – V) N2 A(U – B)
IIill  et al. - Tlrner et al, 1 7 –0.012 + 0.009 0.008 + 00006 15 –0.021 + 0.009

IIill  et al, - Hoag et al. 10 0.015+  0.006 0.017 + 0.009 10 –0.016+ 0 .013

Hill et al. - Arp et al. 19 0.011 + 0.007 0.046+ 0.012 16 –0.040 + 0,031——

1



‘liable 3: l’hotomctry  Of l’rcviously  Olxwrvcd Stars In NGC 129

Star A T 11 x Y v F1-v U-D V - R R-I
—

538
658
534
457
363
756
460
737
437
281

535
242
636
587
738
466
292
528
714
378

455
342
598
678
441

c 172 11
D 173 14
r? 174 23
F 175
G 176
11 177
I 178 25
J 179 27
L 181
M 182

714.0
247.1
551.8
724.1
366.5
567.5
563.7
621.2
295.0
386.0

512.4
634.7
508.5
433.1
343.8
807,0
435.6
746.4
410.9
271.1

10.88
11.13
12.59
12.78
12.83
12.84
12.89
13.09
13.93
14.23

0.48 . . .
0.31 0.13
0.45 0.09
0.51 0.15
0.64 0.20
0.61 -0.01
0.42 -0.08
0.61 0.02
1.59 1.30
0.60 0.44

. . . .,.

. . .
0,29
0.33
0.40

. . .
0.31
0.36
0.40

,.,
0.29

.,.
0.30

.,,
. . .

0.36
. . .

0.37

0 184 30
P 185
R
T
u
v 191
w 192
x
z

105 105 13

683.7
589.9
652.1
319.2
581.4
299.0
590.2
351.4
466.6
549.1

508.5
237.6
609.3
563.7
750.3
442.9
278.6
501.5
704.9
354.0

14.14
14.42
14.64
15.03
14.95
15.00
15,26
15.28
16.11
11.15

0.55 0.27
0.67 0.43
0.91 0.38
0.70 0.50
0.79 0.50
0.68 0.48
0.71 0.45
0.99 0.47
2.61 0.67
0.40 -0.16

0.34
0.41

0.37
0.41

, . .. .
. .

.,,
!..

0.44
0.62

. . .
0.41
0.65

. . .

. . .
,..

121
125 125 18

115 15
96 20

113 29

431.2
410.7
466,1
622.5
481.2

430.0
325.6
572.8
665.7
414.7

12.17
11.79
11,44
12.24
14.04

0!43 0.01
0.43 -0.14
0.73 0.30
0.56 -0,06
0.53 0.31

. . .

. . .

. . .

. . .

. . .

. . .

,..
. . .
. . .
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Table 4: Color Excesses For Stars  In T}IC Field Of NGC 129

—

Star z Y v B-v U-B E(FI-V) Star z Y v B-v U-R l?(F1-v)

4
10
17
42
55
61
90
91
97

113

437.3
411.1
334.4
283.9
757,9
363.6
587.8
742.8
743,1
165.1

7.4
11.8
15.7
36.6
52.7
59.1
90.9
91.0
02.8
17.8

16.38
11.93
12.57
12,60
15.41
14.01
13.66
15.88
14.32
13.00

0.93 0.43
0.56 0.41
0.39 0.01
0.85 0.58
0.91 0.39
0.70 0.23
0.81 0.34
0.84 0.34
0.52 0,30
0.39 -0.04

0.60
0!53
0.50
0.71
0,56
0.33
0.47
0,49
0.57
0.51

0.61
0.37
0,56
0.61
0.22
0.58
0.60
0.58
0.53
0.54

0.55
0.60
0.48
0.52
0.30
0,42
0,51
0.56
0.55
0.56

0.52
0.55
0,53
0.51
0.49
0.52
0.58
0.50
0.61
0.61

0.60
0.57
0.36
0.70
0.62
0.57
0.49
0.51
0.65
0.56

0.51
0.60
0.61
0.55
0.55
0.59
0.57
0.57
0.56
0.49

401
402
407
408
428
441
442
445
453
455

21.1
177.6
319.0

71.1
742.4
481.2
483.7

26.5
368.7
431.2

372.2
374.3
377.7
379.2
401.7
414.7
415.5
419.5
428.0
430.0

13.18
14.73
14.50
15.03
13.42
14.04
15.98
16.26
15.34
12.17

0.90 0.48
0.62 0.40
0.82 0.50
0.91 0.37
0.58 0.27
0.53 0.31
0.93 0.48
0.96 0.36
0.75 0.50
0.43 0.01

0.62
0.65
0.59
0.54
0.65
0.58
0,64
0.54
0.57
0.55

0.61
0.57
0.38
0.27
0.62
0.60
0,27
0.23
0.53
0.61

0.55
0,61
0.50
0.59
0.62
0.41
0.67
0.69
0.61
0.70

0.66
0.58
0.55
0.74
0.38
0.65
0.62
0.74
0.64
0.28

0.36
0,28
0.39
0.77
0.58
0.26
0.77
0.67
0.52
0.76

0.55
0.60
0.47
0.55
0.54
0.53
0.55
0.65
0.57

117
131
137
139
163
167
180
182
183
185

768.0
573.7
365.6
358.3
665.1
442.4
248.1
508.0
234.0
787.4

22.5
36.4
44.2
44.9
70.4
75.4
86.9
88,8
90.7
92.1

15.52
13.19
13.32
16.17
15.06
16.31
14.61
16.47
14.17
15,87

0.92 0.45
0.73 0.25
0.48 0.17
0.91 0.45
1.09 0.72
0.89 0.43
0.87 0.47
0.88 0,44
0.48 0,28
0.92 0.37

457
460
468
473
481
496
502
505
511
520

724.1
563.7
366.1

88.0
778.2
703.3
212.7
153.1
416.1
298,1

433.1
435.6
443.1
446.8
455.1
466.7
474.3
477.9
485.2
495.0

12.78
12.89
16.38
13.49
13.47
15.56
16.22
15.90
1 3 . 3 3
16.02

0.51 0.15
0.42 -0.08
1.17 0.67
0.68 0.18
0,51 0.09
0.81 0.51
1.10 0.67
1.16 0.86
0.44 0.09
0.95 0.43

191
194
19’9
204
206
209
212
214
222
227

256.5
757.2
101.3

73,3
665.4
562.8
476.5
610.9
776.9
543.0

96.4
97.6
04.6
07.6
13.2
14.3
15.1
16.1
22.2
27.7

15.72
11.68
12.51
13.23
15.81
14.44
16,24
13.97
13.82
15.50

0.84 0.43
0.43 -0.14
0.44 0.26
0.42 0.07
1.15 0.74
0.76 0.29
0.81 0.39
0.52 0.31
0.46 0.13
0.89 0.41

534
535
547
587
591
598
601
607
611
622

551.8
683.7

10.1
319.2
696.8
466.1
168.6
417.1
468.1
176.3

508.5
508.5
524.7
563.7
567.7
572.8
574.6
585.6
587.4
599.3

12.59
14.14
14.98
15.03
14.24
11.44
15.27
15.60
14.01
15.63

0.45 0.09
0.55 0.27
0.73 0.44
0.70 0.50
0.57 0.33
0.73 0.30
0.93 0.53
0.95 0.54
0.55 0.29
0.97 0.54

229
230
231
243
247
248
253
254
256
261

701.7
207.6

69.4
392.3
297.3

70.5
248.6
231.3
301.4
758.2

29.2
29.8
30.0
38.0
40.4
41.2
46.8
47.9
48.6
51.8

13,40
12.09
16.10
13.66
13.37
16.33
13.28
12.89
14.98
11.84

0.43 0.10
0.39 -0.15
0.90 0.37
0.44 0.20
0.82 0.35
0.76 0.44
0.48 0.10
0.39 0.02
0.49 0.05
0.47 -0.05

627
628
636
642
658
659
665
678
684
690

181.9
395.7
652.1
613.0
247.1
570.2
387.8
622.5
717.3
283.5

601.4
602.1
609.3
616.8
634.7
637.8
644.6
665.7
673.2
679.8

15.97
15.14
14.64
13.11
11.13
15.61
15,18
12.24
16.04
15.51

0.90 0.54
0.80 0.50
0.91 0.38
0.57 -0.04
0.31 0.13
0.89 0.54
0.87 0.50
0.56 -0.06
0.88 0.52
1.15 0.77

270
281
282
286
288
291
294
315
330
333

89.1
386.0

80.8
786.5
746.9
713,9
223.5

55.6
478.6
757.2

61.5
71.1
71.8
74.6
74.9
78.6
81.2
03.0
14.8
17.9

14.21
14,23
13,61
16,23
16.49
16.33
13.23
16.07
15,12
16.00

0,50 0.13
0.60 0.44
0.78 0.24
0.95 0.57
1.02 0.43
0.92 0.40
0.36 -0.05
0.76 0.43
0.68 0!51]
0.86 0.43

699
700
717
737
738
750
756
769
776
786

127.4
553.1
317.2
621.2
581.4
561.5
567.5
544,7
323.9
161.6

685.5
689.2
710.1
746.4
750.3
772.9
807,0
-95.1
-87.1
-69.8

16.22
16.29
15.47
13,09
14.95
16.25
12.84
15.39
13.81
13.18

1.11 0.58
1.11 0.67
1.16 0.62
0.61 0.02
0.79 0.50
1.07 0.63
0.61 -0.01
0.96 0.50
0.38 -0.10
0.55 -0.20

339
342
344
349
356
361
378
392
394
395

176.6
410.7
188.4
381.1
712.3
731,5
549,1
274.7
644.8
798.2

23.1
25.6
26.7
33.3
40.5
42.8
54.0
63.4
63.5
64.2

15.09
11.79
12.83
15.54
12.29
14.09
11.15
14.63
15.22
14.43

0.91 0.35
0.43 -0.14
0.50 0.06
0.75 0.49
0.43 -0.03
0.53 0.28
0.40 -0.16
0.90 0.41
0.79 0.48
0.77 0.38

788
792
804
810
828
834
839
946

1270

123.0
192.3
570.4
420.4
522.3
461.2

79.7
809.8
678.7

-68.9
-63.3
-50.0
-45.0
-24.0
-14.3

-8.1
285.8
548.4

14.56
15.18
13.34
15.93
16.17
15.75
14.19
15.51
15.65

0,88 0.39
0.95 0.41
0.38 0.08
0.83 0.44
0.90 0.38
0.56 0.41
0.93 0.38
0.99 0.45
0.79 0.49


